Differences in virulence of Aeromonas species, ranging from environmental isolates and digestive-tract symbionts of bloodfeeding animals to human pathogens (11, 12, 16, 24, 25) , led to the increased use of 16S rRNA gene (SSU) sequences to identify Aeromonas species (4, 9, 10) . A potentially complicating factor is that bacteria contain up to 15 copies of the ribosomal operon (17) . Evidence suggests that concerted evolution does not always effectively homogenize rRNA operons in bacteria and that intragenomic heterogeneity exists (5, 7, 19, 23, 29, 31, 33) . Two investigations of bacterial genomes revealed that differences in the SSU sequence occurred in 54 to 62% of organisms harboring at least two copies of the rRNA operon (1, 7) . However, except in rare cases, the differences were less than 1% of the compared nucleotides, and both studies concluded that these minor differences did not have a significant effect on the determination of phylogenetic relationships.
A pioneering study by Martinez-Murcia et al. used the SSU sequence to reconstruct the phylogeny of Aeromonas species (20) . This study revealed that some Aeromonas species, for example, A. trota and A. caviae, differ only by up to three nucleotides in the SSU sequence, even though DNA-DNA hybridization values for these species are low (30%), indicating that they are distantly related (20) . In contrast, Aeromonas sobria and Aeromonas veronii differ by 12 nucleotides but have a DNA-DNA hybridization value of 60 to 65%, indicating that they are closely related (20) . This contradiction and visual inspection of the SSU sequences led Sneath to suggest that lateral gene transfer and recombination could explain this lack of congruence (27) . Previously, we undertook a restriction fragment length polymorphism-PCR analysis using multiple reference strains and discovered that several strains produced unexpected restriction patterns (10) . In this report, we further analyzed Aeromonas veronii biovar sobria strains A132, A155, A916, AER28, CDC0437-84, and LMG13695, Aeromonas veronii biovar veronii strain AER397, and Aeromonas media strains A6 and CDC0862-83 by sequencing cloned SSU (10), determining the phylogenetic relationship of the different copies of the SSU and evaluating whether the SSU evolved as a single unit.
Sequence analysis of cloned 16S rRNA genes. The strains were grown as previously described (10) , and genomic DNA was isolated as described by Nelson and Selander (22) , except that the resuspended sample was preheated for 3 min at 65°C. The 16S rRNA gene was amplified by using primers 27F and 1492R (15, 18) . The PCR-amplified 16S rRNA genes were cloned into pGEM-T (Promega, Madison, WI) according to the manufacturer's instructions, and the cloned 16S rRNA genes were sequenced and analyzed (15) .
In six Aeromonas strains, the copies of the 16S rRNA genes differed by up to 21 nucleotides out of 1,377 bp analyzed (Fig.  1) . If differing sequences were detected in at least two plasmids containing SSUs from one strain, we considered them to be heterogeneous copies of SSU and for this discussion call them an allele without implying an associated functional difference. The analysis of the cloned SSUs suggested the presence of at least six alleles in the A. media strain CDC0862-83 and at least five different alleles in the A. veronii biovar sobria strain LMG13695 (Fig. 1) . The alleles from A. media CDC0862-83 differed from each other by up to 19 bp and those from A. veronii LMG13695 by up to 21 bp out of 1,377 bp compared. In a recent publication, the presence of two heterogeneous copies of the SSU was suggested for Aeromonas trota but not substantiated (28) . It is possible that any of the examined strains contains additional alleles.
Verification of sequence differences by Southern analysis. To confirm the presence of the different SSU sequences in the same genome in a PCR-independent manner, we used Southern analysis of genomic DNA from strain CDC0862-83. Oligonucleotide probes were designed to recognize allele 1 from The hybridization patterns of the allele-specific probes demonstrated that the polymorphism at nucleotides 230 through 232 of allele 1 was present in two copies and that the remaining copies hybridized with the probe for alleles 2 through 6. These results indicate that at least two different alleles were present in the genome of A. media strain CDC0862-83 (Fig. 2) . The banding pattern suggests the presence of at least eight copies of SSU in CDC0862-83 (Fig. 2) .
Phylogenetic analysis. We assessed the significance of the sequence differences by aligning sequences in ClustalW version 1.83 (30) and constructing phylogenetic trees using the PhyML program version 2.4.1 (13) under the HKY85 substitution model (14) with among-site rate variation described through a discrete approximation of the gamma distribution with four rate categories (32) . One hundred bootstrap samples were generated and evaluated in PhyML under the same model, and the consensus tree was generated by using the CONSENSE program from the PHYLIP package (8) .
The phylogenetic analysis shows that the phylogenetic placement of the SSU is affected by the intragenomic heterogeneity (Fig. 3) . The SSU alleles from the A. media strain CDC0862-83 clustered either within the Aeromonas hydrophila-A. media clade that has a 77% bootstrap support value or within a large clade that contained Aeromonas encheleia, Aeromonas eucrenophila, and other species with a 75% bootstrap value. Al- (10, 21) suggests that at least 21% had intragenomic heterogeneous SSU alleles as determined by the presence of faint bands that could not be removed by adding more restriction enzyme (data not shown) indicating that SSU heterogeneity is not a rare phenomenon in this genus. Our results suggest that the SSU sequences may not properly reflect the taxonomic relationship of these strains and are not the best choice for identifying Aeromonas species (10) . Mosaic evolution of SSU. Visual inspection of the alignment (Fig. 1) suggested that different parts of the sequence from one allele were most similar to SSU sequences from distantly related Aeromonas species. These conflicting phylogenetic relationships suggest that some of the SSU sequences are mosaic. We tested the hypothesis by dividing the alignment into three fragments: nucleotides 1 through 264 (fragment W1), 457 through 476 (fragment W2), and 1009 through 1492 (fragment W3), and we compared the phylogenies derived from each fragment and from the entire sequence. The resulting trees were incongruent (topologies not shown). The approximately unbiased (AU) test (26) demonstrated that each of the trees calculated as optimal for one fragment had a significantly better fit to the data than the alternative trees calculated from the other fragments (Table 1) . These results support the concept that the SSU evolved in a mosaic manner. This was further supported by a bipartition analysis that focuses on all significantly supported bipartitions (34) ( Table 2 ). The different fragments strongly supported conflicting bipartitions, i.e., bipartitions that cannot coexist in a single phylogenetic tree.
One intriguing result is the clustering of A. media CDC0862-83 allele 1 in the branch containing A. encheleia and A. eucrenophila, because in the rpoD-derived phylogenetic tree, A. media clusters with these two species (28), while in the 16S rRNA-derived phylogenetic tree, A. media clusters with A. hydrophila (20) . This discrepancy and the previously noted discrepancy between the phylogeny derived by SSU sequences and by DNA-DNA reassociation constants can be explained by the intragenomic heterogeneity. Two possible scenarios can explain the observed data. First, ancient polymorphisms could have preceded the speciation events in the genus Aeromonas, and these polymorphisms could have persisted throughout the history of the species. Our analysis shows that the different alleles do not cluster but intersperse in the reconstructed phylogeny. Although there was sufficient time for alleles from other lineages to be lost over evolution, for some reason, other alleles that are very similar to distantly related species were maintained. The alternative scenario suggested by Sneath (27) , horizontal gene transfer, appears more likely. In either case, For the identification of Aeromonas spp., it is critical to use multiple molecular markers, such as rpoD and gyrB, in the phylogenetic analysis (28) or an even broader approach utilizing multilocus sequence typing. Whole-genome sequence comparisons of several strains from each species might provide the insight needed to resolve the complex evolutionary history that probably included frequent gene duplication, gene transfer, and recombination events. 
